1. Phenobarbitone injection did not affect the concentration of phospholipids in the liver endoplasmic reticulum, but it increased the rate of incorporation of [32P]orthophosphate into the phospholipids. 20-Methylcholanthrene caused a transient increase in total phospholipid but a decrease in the turnover rate of the phospholipids. 2. Incorporation of [32P]orthophosphate into phosphatidylcholine, compared with that into phosphatidylethanolamine, was increased by phenobarbitone injection but decreased by 20-methylcholanthrene injection. 3. The activity of S-adenosylmethionine-phosphatidylethanolamine methyltransferase increased 12h after phenobarbitone injection, when incorporation of [32P]orthophosphate into phosphatidylcholine was a maximum, but at other times, and after 20-methylcholanthrene injection, the activity of the enzyme did not correlate with the rate of phosphatidylcholine synthesis. 4. ['4C]Glycerol was incorporated more rapidly into phosphatidylcholine than into phosphatidylethanolamine, whereas
1. Phenobarbitone injection did not affect the concentration of phospholipids in the liver endoplasmic reticulum, but it increased the rate of incorporation of [32P] orthophosphate into the phospholipids. 20-Methylcholanthrene caused a transient increase in total phospholipid but a decrease in the turnover rate of the phospholipids. 2. Incorporation of [32P] orthophosphate into phosphatidylcholine, compared with that into phosphatidylethanolamine, was increased by phenobarbitone injection but decreased by 20-methylcholanthrene injection. 3. The activity of S-adenosylmethionine-phosphatidylethanolamine methyltransferase increased 12h after phenobarbitone injection, when incorporation of [32P] orthophosphate into phosphatidylcholine was a maximum, but at other times, and after 20-methylcholanthrene injection, the activity of the enzyme did not correlate with the rate of phosphatidylcholine synthesis. 4. ['4C]Glycerol was incorporated more rapidly into phosphatidylcholine than into phosphatidylethanolamine, whereas
[32P]orthophosphate and [14C]ethanolamine were incorporated more rapidly into phosphatidylethanolamine than into phosphatidylcholine. 5. Incorporation of [32p]_ orthophosphate into phosphatidylethanolamine of liver slices incubated in vitro was much more rapid than into phosphatidylcholine, and incorporation into phosphatidylcholine was markedly stimulated by addition of methionine to the medium. Changes in the incorporation of [32P] orthophosphate into phospholipids observed in vivo after injection of phenobarbitone or methylcholanthrene could not be reproduced in slices incubated in vitro. 6. It is concluded that phenobarbitone injection causes an increased rate of turnover of total phospholipids in the endoplasmic reticulum and an increased conversion of phosphatidylethanolamine into phosphatidylcholine, whereas 20-methylcholanthrene injection depresses both the turnover rate of total phospholipids and the formation of phosphatidylcholine.
Induction of drug-metabolizing enzymes in the liver by injection of phenobarbitone is accompanied by proliferation of membranes of the endoplasmic reticulum (Remmer & Merker, 1963) and increased synthesis of phospholipids of the membrane, which can be demonstrated by the rapid incorporation of [32P] orthophosphate (Orrenius et al., 1965) . Phenobarbitone may also cause a redistribution of phospholipid species in the membrane by stimulating the methylation of phosphatidylethanolamine to form phosphatidylcholine (Young et al., 1971) .
In view of the marked differences in phospholipid species and fatty acid composition that occur after injection of phenobarbitone and 20-methylcholanthrene (Davison & Wills, 1974) we have now made a study of the biosynthesis of phospholipids in the endoplasmic reticulum after injection of these two drugs. Vol. 142 
Materials and Methods

Materials
Sources ofmost chemicals used have been described (Davison & Wills, 1974 Male Wistar rats, each weighing 120-140g, were injected as described by Davison & Wills (1974) . Animals were matched for weight to within 3g for experiments involving the injection of radioactive precursors.
Methods for preparation of the microsomal fraction, separation oflipids andprotein determinations These have been described (Davison & Wills, 1974 ).
Measurement ofradioactivity Phospholipids were separated by t.l.c. as described (Davison & Wills, 1974) and the radioactive spots were scanned with a Panax radiochromatogram scanner linked to an integrator. The radioactivity attributed to each phospholipid was summed and expressed as a percentage of the total phospholipids after correction for background radioactivity.
After scanning, phospholipid samples were scraped off into vials containing 0.4% BBOT [2,5-bis-(5-t-butylbenzoxazol-2-yl)thiophen] in toluene and were counted for radioactivity in a Packard liquidscintillation spectrophotometer. Counts were corrected for quenching.
Phospholipidphosphorus
This was measured by the method of Rouser et al. (1966) and neutral lipids were determined by the method of Malins & Mangold (1960 (Laser, 1961 (Rouser et al., 1966) .
At 6-12h after phenobarbitone injection the total phospholipid phosphorus was unchanged but the specific radioactivity of the phospholipids increased. After 24h, however, the quantity of phospholipid recovered from the microsomal fraction/g of liver had increased, but the specific radioactivity of the phospholipids had reverted to a value close to the control (Fig. la) . The increased specific radioactivity of the phospholipids was mainly due to increase in incorporation into the phosphatidylcholine fraction, which was a maximum 12h after phenobarbitone injection ( Fig. la) .
At 6h after 20-methylcholanthrene injection the quantity of phospholipid recovered from the endoplasmic reticulum was (Fig. lb) .
S -Adenosylmethionine -phosphatidylethanolamine methyltransferase activity in liver endoplasmic reticulum preparedfrom rats injected with phenobarbitone or 20-methylcholanthrene
The increased incorporation of labelled phosphate into phosphatidylcholine that occurred 12h after phenobarbitone injection could be the result of increased activity of the enzymes transmethylating phosphatidylethanolamine to phosphatidylcholine, and the activity of this enzyme was measured in the microsomal fraction after injection ofphenobarbitone and methylcholanthrene.
The specific activity of S-adenosylmethioninephosphatidylethanolamine methyltransferase increased to 130% of the control value 12h after the first injection of phenobarbitone (Table 1) at the same time as incorporation of [32P]orthophosphate into phosphatidylcholine was a maximum (Fig. la) . By 24h after the injection, the activity of the enzyme was no different from that of the controls and after 3 days it was decreased. Both 24 and 72h after injection of methylcholanthrene the enzyme activity was decreased (Table 1) (Table 2 ). In contrast, 12h after injection of 20-methylcholanthrene the synthesis of phosphatidylcholine from phosphatidylethanolamine was increased by 25% in whole liver and by 8 % in the endoplasmic reticulum, but it too was much less than the control after 3 days ( To study the incorporation of [14C]glycerol into phospholipids, rats were injected intraperitoneally with J00,uCi of [14C]glycerol/kg 30 or 60min before they were killed. Lipids were extracted from the microsomal fraction, separated by t.l.c., the individual phospholipid spots scraped off and the radioactivity was measured.
The ratio of radioactivity (d.p.m.) in phosphatidylcholine to that in phosphatidylethanolamine was 2.26 after 30min and 2.24 after 60min (Table 3) , and this may be compared with the molar ratio of 2.6 for these species in the endoplasmic reticulum. Thus the specific radioactivities of phosphatidylcholine and phosphatidylethanolamine are almost equal both 30 and 60min after injection of ["4C]glycerol (Table   3 ). In contrast, after injection of [32P]orthophosphate the radioactivity ratio of phosphatidylcholine/ phosphatidylethanolamine was 0.73 ( Fig. 1) and it was 0.103 after injection ofethanolamine (Table 2) .
Phospholipid biosynthesis studied in vitro by using liver slices preparedfrom untreated animals
For comparison with studies in vivo, phospholipid synthesis was studied in liver slices in vitro. Slices (500mg) were incubated in Krebs-Ringer bicarbonate medium at 37°C under an atmosphere of 02+CO2 (95:5).
[32P]Orthophosphate (0.2mCi) was added and slices were withdrawn at intervals for 60min. Bligh & Dyer (1959) . Total phospholipid phosphorus and radioactivity of the phospholipids were measured and the phospholipids were separated by t.l.c., scanned and scraped off the plates for radioactivity counting.
(32P]Orthophosphate incorporation into phosphatidylcholine was much slower than into phosphatidylethanolamine during the first 30min incubation (Fig. 2a) , but after a 40min preincubation period the rates were similar (Fig. 2b) .
Incorporation of [14C]glycerol into phospholipids was studied by a procedure similar to that described ' ['4C] glycerol into the phospholipids after 60min incubation was less in rat liver slices than in vivo. The ratio of radioactivity in phosphatidylcholine/phosphatidylethanolamine was 2.24 in vivo (Table 3 ) and 1.81 in vitro (Table 4 ) at 60min.
In view of the fact that the synthesis of phosphatidylethanolamine involves transmethylation from S-adenosylmethionine the importance ofthe presence of adequate methionine was studied. Addition of methionine caused a greatly increased incorporation of ['4C]ethanolamine into phosphatidylcholine and 1 mm was an optimum concentration (Fig. 3) .
Phospholipid biosynthesis in vitro after treatment with phenobarbitone or 20-methylcholanthrene Groups of rats were injected with either phenobarbitone (100mg/kg) or 20-methylcholanthrene (100mg/kg) and 12h later the animals were killed and liver slices prepared.
The incubation conditions used were those found to be optimal in control experiments. Methionine (1 mM) was added to the medium and slices were subjected to a preincubation period of 40min after which [32P]orthophosphate was incorporated into the medium and radioactive phospholipids were extracted and separated as described.
After 30 or 60min incubation both phenobarbitone and 20-methylcholanthrene caused decreases in the incorporation of [32P]orthophosphate into total phospholipids. After 60min incubation both phenobarbitone and 20-methylcholanthrene caused significant increases in the [32P]orthophosphate incorporation into phosphatidylethanolamine but smaller decreases in incorporation into phosphatidylcholine (Table 5) . 
Discussion
The concentration of total phospholipids in the endoplasmic reticulum was not significantly altered 6-12h after administration of phenobarbitone but the rate of incorporation of (32P]orthophosphate into the phospholipids was markedly stimulated, thus clearly demonstrating a rapid increase in turnover rate (Fig. la) . 20-Methylcholanthrene, on the other hand, caused a transient increase in the total phospholipids but decreased the turnover rate (Fig. lb) . In addition to these effects on turnover rates both phenobarbitone and methylcholanthrene caused the ratio of incorporation of [32P]orthophosphate into phosphatidylcholine/phosphatidylethanolamine to change.
The increased incorporation of [32P]orthophosphate into phosphatidylcholine compared with that into phosphatidylethanolamine after phenobarbitone injection could have been the result of an increased rate of transmethylation of phosphatidylethanolamine.
At 12h after phenobarbitone injection the rate of synthesis of phosphatidylcholine in the liver endoplasmic -reticulum, determined by measuring incorporation of [14C]ethanolamine, was slightly decreased ( (Fig. Ib) .
The activity of S-adenosylmethionine-phosphatidylethanolamine methyltransferase in vitro 12h after phenobarbitone injection increased (Table 1) , simultaneously with the increased incorporation of
[32P]orthophosphate into phosphatidylcholine (Fig.   la) . However, after 24h the activity of the enzyme returned to control values and it decreased to 86% of control after 72h (Table 1 ), but at this time the incorporation of [14C]ethanolamine into phosphatidylcholine was decreased to 50% of the control value (Table 2) . Young et al. (1971) reported that the activityofS-adenosylmethionine-phosphatidylethanolamine methyltransferase increased after administration of phenobarbitone for 3 days, but as they killed their animals 12h after the final injection, it would appear that an activation 12h after the injection was observed, which does not conflict with our findings (Table 1) .
At 12h after 20-methylcholanthrene injection the activity of S-adenosylmethionine-phosphatidylethanolamine methyltransferase was little affected (Table 1) when the incorporation of [32P]orthophosphate into phosphatidylcholine was much decreased (Fig. lb) .
These experiments in general therefore do not Vol. 142 support the concept that transmethylation of phosphatidylethanolamine to phosphatidylcholine is an important rate-controlling step in the redistribution of phospholipid classes after injection of phenobarbitone or 20-methylcholanthrene. However, they do not invalidate the hypothesis if, in vivo, S-adenosylmethionine-phosphatidylethanolamine methyltransferase is not a rate-limiting enzyme or is subject to allosteric control.
Interpretations rapidly incorporated into phosphatidylethanolamine than into phosphatidylcholine ( Fig. 1) and Table 2 .
The ratio of phosphatidylcholine/phosphatidylethanolamine in the phospholipids of liver endoplasmic reticulum is approx. 2.65:1 (Davison & Wills, 1974) and the ratio of incorporation of glycerol into these phospholipids is 2.25:1. These values for glycerol incorporation into phosphatidylcholine and phosphatidylethanolamine are thus, to a reasonable approximation, close to the ratio of the normal phospholipid composition of the membranes and indicate that the two phospholipids are turning over at approximately the same rate. The ratio of incorporation of [32P]orthophosphate into phosphatidylcholine/phosphatidylethanolamine is, however, 0.73 (Fig. 1) . It is possible that this discrepancy between results obtained by using the two precursors is a result of the fact that, whereas the formation of phosphatidylcholine from CDP-choline and diglyceride is freely reversible, the formation of phosphatidylethanolamine from CDP-ethanolamine and diglyceride is not (Bjornstad & Bremer, 1966) . Phosphatidylethanolamine labelled with [32P]orthophosphate would not therefore readily be reconverted into CDP-ethanolamine, whereas CDP-choline is readily diluted with the unlabelled pool of phosphatidylcholine. Both phenobarbitone and 20-methylcholanthrene caused small decreases in the incorporation of [32P]orthophosphate into total phospholipids (Table 5) in liver slices incubated in vitro, in contradiction of the marked increases observed in vivo (Fig. 1) 
